Activity dependent hyperpolarization can be induced using submaximal stimulation. Submaximal stimulation was not considered painful. Submaximal stimulation is suitable for assessing sodium-potassium pump function.
a b s t r a c t
Objective: Sodium-potassium pump dysfunction in peripheral nerve is usually assessed by determining axonal hyperpolarization following maximal voluntary contraction (MVC) or maximal electrical nerve stimulation. As MVC may be unreliable and maximal electrical stimulation too painful, we assessed if hyperpolarization can also be induced by submaximal electrical nerve stimulation. Methods: In 8 healthy volunteers different submaximal electrical stimulus trains were given to the median nerve at the wrist, followed by 5 min assessment of thresholds for compound muscle action potentials of 20%, 40% or 60% of maximal. Results: Threshold increase after submaximal electrical nerve stimulation was most prominent after an 8 Hz train of at least 5 min duration evoking submaximal CMAPs of 60%. It induced minimal discomfort and was not painful. Threshold increase after MVC was not significantly higher than this stimulus train. Conclusions: Submaximal electrical stimulation evokes activity dependent hyperpolarization in healthy test subjects without causing significant discomfort. Significance: Sodium-potassium pump function may be assessed using submaximal electrical stimulation.
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Introduction
Excitability studies suggested that sodium-potassium pump dysfunction in peripheral nerve motor axons may contribute to the pathogenesis of diabetic neuropathy and amyotrophic lateral sclerosis (Vucic et al., 2007; Krishnan et al., 2008) . In these studies pump function was assessed by determining threshold increase for motor axon excitation following maximal voluntary contraction (MVC) of a muscle innervated by those axons. This threshold increase arises because the intra-axonal sodium accumulation and potassium loss resulting from sustained nerve impulse firing is restored by temporarily increased pump activity. Because, per cycle, the pump removes 3 positive sodium-ions from the axon and puts only 2 positive potassium-ions back into the axon, its action results in a net loss of positive charge at the inside of the axolemma, giving rise to axonal hyperpolarization and threshold increase (Skou, 1957) .
The use of MVC to assess pump-function in patients has, however, potential drawbacks since subjects may not fully activate their muscle, the precise firing rate in axons is unknown in a given Abbreviations: CMAP, compound muscle action potential; DML, distal motor latency; MVC, maximal voluntary contraction; SDTC, strength-duration time constant; TEd90-100, depolarizing threshold electrotonus at 90-100 ms; TEh90-100, hyperpolarizing threshold electrotonus at 90-100 ms.
